The Victorian Family Heart Study was established to address the causes of familial patterns in cardiovascular risk factors. From 1990 to 1996, a representative population sample of 783 adult families (2,959 individuals), each comprising both parents (40-70 years) and at least one natural adult offspring (18-30 years), was recruited in Melbourne, Australia. Included in both generations were 461 monozygotic and dizygotic twins as pairs or singletons. A multivariate normal model was used for pedigree analysis of height, weight, body mass index, diastolic and systolic blood pressure, pulse rate, and total and high density lipoprotein cholesterol. All traits showed evidence for additive genetic variation, explaining from 55% (height) to 26% (pulse) of age-and sex-adjusted variance. An effect persisting into adulthood of shared family environment during cohabitation explained from 39% (body mass index) to 13% (systolic blood pressure) of variance (not nominally significant for diastolic blood pressure). These shared environmental effects were strongest within twin pairs, less so for sibling pairs, and least for parent-offspring pairs (in which an effect was not observed for weight, diastolic and systolic blood pressure, and total cholesterol). On a background of genetic influences, there are periods in early life during which the family environment cements long-term correlations between adult relatives in cardiovascular risk factors. Am J Epidemiol 2000;152:704-15.
greater extent by lifestyle and behavior (12) than by genetic variation. Understanding the relative magnitudes of these two components of variation is of potential importance for directing gene searches (to traits with substantial "heritability"; i.e., for which the genetic component explains a relatively large proportion of variance) or for identifying environmental or lifestyles factors that are or have been shared within families while cohabiting, even if the family members are no longer living together.
There are several methods for determining the genetic and environmental components of variance in physiologic quantitative traits. Each involves families to greater or lesser extents and utilizes a variety of sampling and analytical approaches. Genetic inferences are made from analyses of relatives with different degrees of genetic similarity. These range from none or low similarity in the case of spouses (13) or adoptees (14) to genetic identity in monozygotic twin pairs (15, 16) . The sampling frameworks and ascertainment schemes for biometric analyses of cardiovascular risk factors vary from those targeting families who meet special criteria regarding health (such as preexisting cardiovascular disease (17) ) or specific family composition (such as those including adoptees as children (18) or adults (19) or monozygotic or dizygotic twin pairs (15, 20) ) to recruitment from the general population (6) . The last approach is likely to provide information that may be applicable to the population, but it offers smaller proportions of families that are especially informative for disentangling the effects of shared genes from those of shared environments. In reality, however, obtaining a high response rate from a random sample of families is difficult. In the case of screening through medical clinics, it is more difficult to make inferences to the population (21) , despite the existence of various mathematical methods for making so-called "corrections" for theoretical modes of family ascertainment that in practice rarely apply.
The Victorian Family Heart Study was established in 1990 to address the causes of familial patterns in cardiovascular risk factors. The study was designed to measure a number of simple and well-recognized risk factors in a large number of volunteer families of adults selected from the general population and to enrich the sample with families comprising dizygotic and monozygotic twin pairs. In this way, we hoped to derive a population sample that was both representative and informative. The aim of this analysis was to examine the familial patterns of covariation of risk factors so as to quantify the contribution of genetic and environmental effects in explaining variation.
MATERIALS AND METHODS

Recruitment
For this study the aim was to recruit families that comprised, at a minimum, a mother and father with at least one natural child. A family was eligible if both parents were aged between 40 and 70 years and if at least one offspring was aged between 18 and 30 years, inclusive. Other offspring were included if they were aged between 18 and 30 years. The lower age for offspring was set to minimize the potential confounding effect of growth on the phenotypes under study. Recruitment was limited to Caucasian families to reduce the possible confounding effect of racially determined genetic differences. A family history of heart disease was not relevant to recruitment, the aim being to enroll a representative sample of families exhibiting a broad crosssection of cardiovascular risk factor levels.
Potential participating families were identified through a variety of community-based sources. These included the Australian Twin Registry, the Melbourne Collaborative Cohort Study (Health 2000), general practitioners, and work sites (Common Scientific and Industrial Research Organization). We asked a total of 8,060 individuals by letter or telephone to indicate whether their families would be willing to participate in the Victorian Family Heart Study and received 2,946 (37 percent) responses from 2,711 families. Of these, 1,108 (41 percent) families were excluded because they were ineligible (key family member unavailable, no natural children, ethnic origin), and 820 (30 percent) declined, leaving a total of 783 families. Recruitment was undertaken between 1991 and 1996. Figure 1 displays the different types and numbers of families grouped according to the presence or absence of twins, their zygosity, and whether they occur at the parental or offspring generation.
Phenotype measurement
These studies were approved by the Ethics Review Committee of the Alfred Hospital, Melbourne, and informed consent was obtained from all participants. Participants attended one of our research clinics. Trained research nurses enrolled subjects, obtained relevant details, measured cardiovascular risk factors according to standardized measurement techniques, and took blood for DNA analysis. Detailed information was obtained regarding treatment with oral contraceptives, hormone replacement therapy, antihypertensive medications, and lipid-lowering therapy. Participants were asked to categorize their smoking habits as never smoked, exsmoker, current smoker with less than or equal to 20 cigarettes (or equivalent) per day, or currrent smoker with more than 20 cigarettes per day.
After removing heavy clothing and shoes, subjects were measured to the nearest 0.5 cm for height with the use of a wall-mounted ruler. Weight was measured to the nearest 0.5 kg with scales that were calibrated regularly. Subjects then rested supine for 10 minutes, during which time a suitably sized sphygmomanometer cuff was applied to the right arm. Blood pressure was measured using a standard mercury sphygmomanometer. Systolic blood pressure was taken as the return of arterial sounds (Korotkoff phase I) and diastolic blood pressure as the disappearance of sounds (Korotkoff phase V). Blood pressure measurements were made to the nearest 2 mmHg. Three measurements of systolic blood pressure and diastolic blood pressure were taken, the last two of which were recorded. The pulse rate was measured for 60 seconds. Subjects then stood for 2 minutes, and systolic blood pressure, diastolic blood pressure, and the pulse rate were measured again. In this analysis lying and standing readings were averaged to provide estimates of systolic blood pressure, diastolic blood pressure, and pulse rate.
Biochemical measurements
Following phenotypic measurements, venous blood was collected for biochemical analysis and DNA extraction. After insertion of a butterfly needle, the tourniquet was released before collection of 7 ml of blood into lithium heparin anticoagulant for cholesterol and 14 ml of blood into ethylenediaminetetraacetic acid (EDTA) anticoagulant for DNA. Total cholesterol and high density lipoprotein cholesterol were measured by automated biochemical analysis systems and were subject to quality assurance testing every 3 months.
Statistical methods
The familial patterns in cardiovascular risk factors were analyzed using a multivariate normal model for pedigree analysis (22) (23) (24) (25) (26) , fitted using the FISHER statistical package (27) . The method allows for estimation of the correlations or covariances between relatives and for fitting various genetic and environmental models of variation, while concurrently adjusting the mean for measured factors. In each of the analyses below, a separate quadratic was fitted to the mean for males and females, and the residual variance was relatively stable with age and independent of sex. Families were presumed to be independent, so the log likelihood of the total sample was the sum of log likelihoods over all families.
The model assumes that, for a family of size n, the distribution of the vector of trait values, Y ϭ (Y 1 , ..., Y n ) , has an n-variate normal distribution with mean µ ϭ (µ 1 , ..., µ n ) and covariance Ω ϭ (ω ij ). The covariances were initially parameterized as ω ij ϭ ρ ij σ 2 , where ρ ij ϭ ρ MZ for monozygotic twin pairs, ρ DZ for dizygotic twin pairs, ρ sib for nontwin sibling pairs, ρ po for parent-offspring pairs, ρ sp for spouse pairs, and so on, …, and
, where σ i 2 and σ j 2 are the variances of individuals i and j, respectively. The correlations were also broken down by sex (e.g., sister-sister, brother-brother, sister-brother, mother-daughter, father-son, mother-child, and so on) in some analyses.
Following Fisher (28) , the genetic and environmental model of variation assumes that σ 2 ϭ σ a 2 ϩ σ se 2 ϩ σ e 2 , where σ a 2 is the additive genetic variance component, σ se 2 is the shared environment variance component, and σ e 2 is the individual environment variance component (29) . For two individuals i and j within the same family, the covariance between the residuals, cov(( In all analyses, γ tw ϭ 1, and for each of the nontwin relationships ¿ ¿ the shared environment coefficient, γ, has been either estimated or fixed to be in the interval [0, 1] . That is, we have assumed that the persisting effect of shared environment during cohabitation is the same within monozygotic pairs as it is within dizygotic pairs; this is the critical assumption of the classic twin model (30) . Within all other relationships, the effect of shared environment is assumed to be less than or equal to that within twin pairs.
In subsequent analyses, we interpreted any correlation between spouses in terms of 1) the effects of spouses having shared their environment since marriage or 2) the consequence of spouses being correlated for the trait at the time of their marriage. The latter effect is known as "assortative mating." It is not possible from the data we have collected to determine which of the two scenarios is more appropriate. Nevertheless, for height (which is fully attained by adulthood and varies little within an individual over the age range of the subjects in this study), one must presume that the spouse correlation was due to assortative mating. In fitting the assortative mating model, the only change to the covariance modeling above was that the additive genetic component in the covariance between siblings and dizygotic pairs is given instead by 1/2(1 ϩ ρ sp )σ a 2 ; see Fisher (28) . A range of models was fitted, starting with the "simplest model" in which a correlation between spouses, ρ sp , was estimated, along with all covariance components. It was also assumed that only the shared environment coefficient for twin pairs, γ tw ϭ 1, was non-0. This is equivalent to fitting the classic twin model. (Should any of the estimated variance components have not been significant at the 0.05 level, that component was deleted and the model refitted.) Following this, different sets of shared environment coefficients were fitted for the nontwin relatives. In the "full model," all three variance components and all shared environment coefficients were fitted together. The choice of the "best model" was made by use of the likelihood ratio criterion. If a variance component estimate (in particular, σ se 2 ) was not significant at the 0.05 level, it was set to zero and the model refitted.
RESULTS
A total of 783 families, comprising 2,959 individuals, were recruited into the study. The study sample comprised 1,549 parents and 1,410 offspring with a total of 1,517 females and 1,442 males. Families with one or two participating offspring were most common. There were 320, 323, 112, 23, and 3 families with one, two, three, four, and five participating offspring, respectively. In 15 families only one parent took part. One of these families comprised the mother only, who was included as one of a pair of twins in the parental generation (figure 1). Figure   1 also provides details of the number and nature of families involving twins. A total of 89 monozygotic and 86 dizygotic twin pairs participated. Most twin pairs were in the offspring generation, but 16 monozygotic and eight dizygotic twin pairs were included as parents of separate families.
The summary data in table 1 show that males and females were of comparable age in both generations. In general, males were taller and heavier and had a higher body mass index, systolic blood pressure, and diastolic blood pressure. The pulse rate and high density lipoprotein cholesterol were higher in females. On average, parents had a higher weight, body mass index, blood pressure, and total cholesterol level but a lower pulse rate and height than did offspring. The means for these variables are consistently close (on average, differing by 0.6 percent) to the mean values recorded in other previous Australian population-based studies of cardiovascular risk factors (31) .
Figures 2-4 show the estimated correlation coefficients for the age-and sex-adjusted risk factors. For none of these traits was there a difference in the correlation by sex within the categories of monozygotic, dizygotic, nontwin sibling, or parent-offspring pairs. Tables 2-4 show the parameter estimates for fitted models to the age-and sex-adjusted risk factors. 
Anthropometric risk factors
For height, figure 2 shows that the correlation was highest for monozygotic pairs, where it was about 0.9. The correlations for the different categories of first-degree relatives were similar and, although clearly less than the correlation for monozygotic pairs, they were generally in excess of half the monozygotic correlation. There was also a moderate correlation within spouse pairs of about 0.4.
The greater monozygotic versus dizygotic correlation is consistent with a genetic component of variance, under the critical assumption of the classic twin model. The congruity of the correlation within different types of first-degree relatives is also consistent with a genetic cause of variation. The excess when compared with one-half the monozygotic correlation is consistent with the existence of environmental determinants that are common to members of the same family. As noted in Materials and Methods, Statistical methods, the spouse correlation is likely to be a consequence of assortative mating. Table 2 shows that the best-fitting model included both a genetic and a shared environment component. Furthermore, the effect of the shared environment was estimated to have been the same, irrespective of type of relationship within a pair. That is, it was the same for twin pairs, irrespective of their zygosity, as it was for nontwin sibling pairs and parentoffspring pairs.
When the assortative mating model was fitted, the estimate for σ a 2 was 23.63 (standard error, 1.39), while the estimates for σ se 2 and the shared environment coefficients remained unchanged. That is, 55 percent of variance was attributable to additive genetic factors, 15 percent to the effects of a shared family environment, and the remaining 30 percent to individual-specific environmental factors.
For weight and body mass index, figure 2 shows that the monozygotic correlations were again high (around 0.8), but a different pattern to height was apparent across the other relationships. The correlations decreased in going from monozygotic to dizygotic to nontwin sibling to parent-offspring to spouse pairs. The best-fitting model for weight (table 3) included a genetic and shared environment component, but in this case the latter effect was limited to twin pairs. The correlation within twin pairs due to this effect was 1.0 × 29.47 / (83.70 + 29.47 + 21.52) ϭ 0.22, similar to the correlation between spouse pairs of 0.24. If all of the spouse correlation is presumed to be due to nongenetic factors, it was estimated that 62 percent of the variance was attributable to additive genetic factors, 22 percent to the shared twin environment, and the remaining 16 percent to individual environment. When the assortative model was fitted instead, presuming that all of the spouse correlation was evident at marriage, the genetic component of variance became 67.6 or 50 percent of variance.
For body mass index, the best-fitting model included a genetic and a shared environment component. The latter effect explained 35 percent of variance and was greatest in twin pairs, about one half as strong within nontwin sibling pairs, and half as strong again within parent-offspring pairs. The correlation within twin pairs attributed to this effect was 0.39, and that within nontwin siblings was 0.18. The correlation between spouse pairs was 0.26. If all the spouse correlation was attributed to nongenetic factors, the genetic component explained 40 percent of variance. When the assortative mating model was fitted, this was reduced to 32 percent. Figure 3 shows that the general pattern observed for weight and body mass index, a decline in correlation from monozygotic pairs through to spouse pairs, was generally evident for systolic blood pressure and diastolic blood pressure. The monozygotic correlations were still highest but now in the 0.5-0.6 range. The best-fitting model for systolic blood pressure included both a genetic and a shared environmental component but, for diastolic blood pressure, it included only a genetic component.
Hemodynamic risk factors
For systolic blood pressure, the effect of the shared environment explained 13 percent of variance and was estimated to be the same within twin pairs as it was within nontwin sibling pairs, but it was not evident within parent-offspring pairs (table 3) . That is, it was restricted to the one generation. The Statistical modeling of genetic and environmental components of variance of height, weight, and body mass index, Victorian Family Heart Study, 1990-1996 ), shared environment (σ se 2 ) and error (σ e 2 ) effects, correlation coefficient between spouse pairs (ρ sp ), and shared environment coefficients for parent-offspring pairs (γ po ), twin pairs (γ tw ), and nontwin sibling pairs (γ sib ). ), shared environment (σ se 2 ) and error (σ e 2 ) effects, correlation coefficient between spouse pairs (ρ sp ), and shared environment coefficients for parent-offspring pairs (γ po ), twin pairs (γ tw ), and nontwin sibling pairs (γ sib ). spouse correlation was 0.12. If this was all attributed to the within-generation shared environment effect, the genetic component explained 41 percent of variance. If all of the spouse correlation was attributed to assortative mating, the genetic component explained 37 percent of variance.
For diastolic blood pressure, the full model attributed 19 percent of variance to a shared environment effect, which was about half or less within nontwin sibling and parentoffspring pairs than it was within twin pairs, but this effect was not nominally significant. The spouse correlation was 0.16. When the shared environment effect was ignored and the spouse correlation attributed to nongenetic factors, the additive genetic component explained 46 percent of variance. When the spouse correlation was all attributed to assortative mating, this became 42 percent.
For pulse, figure 3 shows that the twin correlations were modest and similar, and there were only weak correlations within nontwin pairs. Table 3 shows that the best-fitting model allowed for a genetic and shared environment component. The latter explained 19 percent of variance but was evident only within twin pairs. The spouse correlation was 0.09. When it was attributed to nongenetic factors, 26 percent of variance was attributable to additive genetic factors. When it was attributed to assortative mating, this dropped to 24 percent. Figure 4 shows a pattern in correlations for total cholesterol that is similar to that seen in figure 2 for weight and body mass index. The pattern for high density lipoprotein cholesterol was similar in that monozygotic pairs were highly correlated for both lipid measures. However, there was a clear difference between total and high density lipoprotein cholesterol in the correlation within spouse pairs, being low for total cholesterol but as strong as in firstdegree relatives for high density lipoprotein cholesterol.
Biochemical risk factors
For total cholesterol, the best-fitting model included both a genetic and shared environment component, the latter being evident only within twin pairs and explaining 15 percent of variance (table 4). The spouse correlation was 0.07; when attributed to nongenetic factors, the genetic variance explained 49 percent of variance, otherwise 46 percent.
For high density lipoprotein cholesterol, the best-fitting model included both a genetic and shared environment com-ponent. The latter effect explained 24 percent of variance and was the same within sibling pairs, whether or not they were twins, and about one third as strong within parent-offspring pairs. The spouse correlation was 0.31; when attributed to nongenetic factors, the genetic variance explained 57 percent of variance, otherwise 43 percent.
DISCUSSION
The Victorian Family Heart Study provides an opportunity for informative analyses of the genetic and environmental components of variance of major cardiovascular risk factors in the general adult population. Certain features of the research design are noteworthy. Unlike many other family studies of cardiovascular risk, both parents and offspring were adult. As a result, we avoided the effects of normal growth and maturation on the ranking of the anthropometric, hemodynamic, and biochemical variables under consideration. Furthermore, most offspring were living independently of their parents, and of one another, at the time of the study. As such, the effects attributed to environmental factors shared by family members must reflect behaviors and lifestyles that occurred when parents and children cohabited. That we found evidence for these effects during independent adult life suggests that there must have been periods in early life during which the family environment cemented longterm correlations between relatives in cardiovascular risk factors. Therefore, although our study as yet contains no longitudinal follow-up, it allows certain inferences to be made about the persistent effects of early family environment.
The study families were volunteers and not randomly selected. However, we made special efforts to attract a representative sample of families by avoiding oversampling of families with heart disease. In brochures and correspondence given to potential families, we wrote, "Even if you come from a family where heart disease is virtually unknown, your help is just as important." The fact that the distribution and mean values for the eight phenotypes were similar to those found by other recent regional population surveys, such as the 1990 National Heart Foundation Risk Factor Prevalence Survey (31) , suggests that analyses of our study sample will not yield biased estimates.
The Victorian Family Heart Study is unusual in the way in which twins were included. The Australian Twin Registry was used not to select twin pairs per se but to ascertain families. As such, twins are included as single individuals or as pairs, together with any studied relatives, whether they were in the preceding, same, or succeeding generation; see figure  1 . The multivariate normal model is able to handle such nonregular data. On average, twins showed minor differences from the remainder of the participants (data not shown). They were more often female, but the analyses used data adjusted for sex differences. In the offspring generation, twins were of slightly smaller physical build. In both generations, twins showed no differences in total cholesterol, high density lipoprotein cholesterol, or pulse rate. Twins in the offspring generation had blood pressures on average 2 mmHg less than did nontwin offspring. These comparisons suggest that selection of twins in this study has not been associated with substantial bias, and their inclusion in the general population sample has not created important distortion of phenotype distributions. The informativeness of the Victorian Family Heart Study for disentangling the effects of shared genes from those of shared environment during cohabitation has been enhanced by including families containing monozygotic or dizygotic twins, either as parents or as offspring. Figure 1 shows that, in families where there are twin pairs and nontwin siblings in the offspring generation, combinations include twin-twin pairs (which may differ by zygosity), twin-sibling pairs, and sibling-sibling pairs. Although exposed to the same family environment, the sibling-sibling pairs are not subject to any within-twin pair environmental effects. In those where there are twin pairs in the parental generation, their offspring are genetically related as first or second degree relatives, depending on whether the twin pair is monozygotic or dizygotic, yet presumably they have not been raised in the same familial environment. The method of statistical analysis that we have used is capable of maximizing the information contained in all these contrasts.
Statistical analyses showed that, for all of the phenotypes examined in this study, there was evidence of both genetic and shared environmental components of variance. However, the balance of these two components differed between phenotypes. Furthermore, the design permitted analysis of the relative importance of shared environment between different types of relative pairs within families. These environmental patterns within families differed between phenotypes. The cardiovascular risk factors also differed in the proportion of variance that could be ascribed to individual variation, which included measurement error. Consistent with the hemodynamic variables being inherently unstable, these showed the greatest individual-specific variance.
The anthropometric variables showed interesting and contrasting patterns. For height, the correlations in figure 2 across the different categories of first-degree relatives were similar, consistent with the classic description dating back more than 80 years (28) of familial covariation in height being mostly due to genetic factors. For weight and body mass index, however, correlations between first-degree relatives varied considerably. This immediately suggests a role for shared environmental factors that determine body size, such as diet and exercise. Our study suggests that such factors have an effect during childhood and adolescence and that their legacy persists in adulthood, at least to age 30. The same pattern of correlations across first-degree pairs is more or less evident for all of the other risk factors considered here. Modeling suggested that the variance attributed to those past shared family environmental effects varied from almost 40 percent for body mass index to being small and not nominally significant for diastolic blood pressure. Most phenotypes had a variance component for shared environment that explained in the range of 10 percent to just over 20 percent of age-and sex-adjusted variance.
Although derived from weight and height, body mass index showed a smaller proportion of variance attributed to additive genetic factors. This is consistent with at least one other study (32) . It is likely that the high genetic component of variance for weight is the result of its covariation with height, an influence lost when adjusting for height in the calculation of body mass index.
It was also consistently observed that the correlation within monozygotic pairs was greater than within dizygotic pairs and other first-degree relatives. This is compatible with a role for genetic factors, under the assumption that the effect within twin pairs of shared environmental factors specific to the trait in question is independent of zygosity. We have not been able to make a formal test of this critical assumption. We have, however, been able to consider how the environmental effect shared within nontwin pairs and parent-offspring pairs compared with that within twin pairs. For some traits, such as height, systolic blood pressure, and high density lipoprotein cholesterol, all sibling pairs appear to have shared such environmental effects to the same extent while, for the others, the effects within nontwin sibling pairs were greatly reduced or nonexistent. An effect of shared environment within parent-offspring pairs was usually nonexistent or weak compared with that within sibling pairs.
The evidence for a substantial genetic contribution to variance of systolic and diastolic blood pressure is consistent with previous analyses (33) (34) (35) (36) (37) (38) (39) . However, the apparent absence of an influence of a persisting effect of shared environmental factors on diastolic blood pressure contrasted with the findings for systolic blood pressure and with other published data regarding diastolic blood pressure. The reason for this discrepancy is unclear and may be a consequence of lack of power to detect a small effect. Using the standard error of σ se 2 in the full model, we estimate that we had 80 percent power at α ϭ 0.05 to detect an effect of shared environment of 40 percent or more for diastolic pressure. However, it is consistent with one other study that also found no evidence for an effect of shared environment on diastolic blood pressure in a Greece-Australia migrant and nonmigrant family study (40) . Different patterns for systolic and diastolic pressure may reflect physiologic differences in the determination of the two pressures and their differences in natural history (41) and effects on cardiovascular risk (42) .
For all cardiovascular risk factors, spouse pairs were correlated, although this varied from about 0.1 for pulse and total cholesterol up to about 0.3 for high density lipoprotein cholesterol and 0.4 for height. As spouse pairing usually takes place after linear growth has ceased, the strong correlation for height almost surely represents the result of assortative mating (i.e., people tend to marry someone of a similar height, even within a population). The spouse correlation for age-and sex-adjusted height was almost as high as the correlation between first-degree relatives. In contrast, it is not as biologically plausible that the moderate spouse correlations in covert phenotypes such as high density lipoprotein cholesterol, for example, could be attributed to assortative mating. The spouse correlation for high density lipoprotein cholesterol should, therefore, be more appropriately attributed to the shared marital environment. Further support for this comes from the modeling of first-degree relatives, which suggested a role for the shared environment that explained almost one quarter of variance and was as high in nontwin sibling pairs as in twin pairs and was also evident in parent-offspring pairs.
The contrast between total and high density lipoprotein cholesterol is interesting. Previously reported estimates of "heritability" (i.e., the percentage of total variance attributed to the genetic component of variance (43)) for total cholesterol and high density lipoprotein cholesterol have generally been about 40-60 percent, with no consistent difference (44) (45) (46) (47) (48) (49) (50) . The cultural and environmental influences, however, have consistently been higher for high density lipoprotein cholesterol than for total cholesterol (36, 45, (47) (48) (49) (50) . Our observation, that for total cholesterol the spouse correlation was weaker and the shared environment explained less variance and was restricted to twin pairs only, is consistent with a greater role for family environmental and lifestyle factors for high density lipoprotein cholesterol than for total cholesterol. It had been suggested that the rearing environment has persistent effects on total but not on high density lipoprotein cholesterol (51), consistent with a shortterm effect of environment on high density lipoprotein cholesterol. However, our data suggest that early environmental effects on high density lipoprotein cholesterol may persist. Furthermore, the moderate spouse correlation could be due to current and recent cohabitation. High density lipoprotein cholesterol is known to be modified by lifestyle factors (52) (53) (54) , such as alcohol, cigarette smoking, and exercise, and the continued sharing of these activities in the parental environment may explain the spouse correlation for couples aged 40 and 70 years. Nevertheless, the responses in high density lipoprotein cholesterol to environmental factors may vary between individuals, and this may be due to genetic factors (55, 56) .
If a trait has genetic variance and there is also assortative mating, the offspring will be genetically more similar to one another than if there is no assortative mating. The effect will depend on the amount of variance attributed to genetic factors and the observed correlation between spouse pairs. Because we have data only on spouse pairs who have presumably known each other for two decades or more, it is difficult to assign a cause to an observed spouse correlation. Previous longitudinal studies of cardiovascular risk factors have found inconsistent trends in the spouse correlation in relation to the duration of marriage (13, 57) . Over time, correlations appeared to weaken for blood pressure and body mass index but strengthened for total cholesterol. However, in those studies, the small magnitude of changes in spouse correlations would favor assortative mating, rather than cohabitation, as the more plausible explanation. Nevertheless, in our analyses we found (other than for height) that there was little change in the estimates of genetic variance, irrespective of whether spouse correlation was attributed to assortative mating or not.
In summary, the genetic and environmental architecture of cardiovascular risk factors is apparently not uniform across traits, even those physiologically related such as the blood pressure and cholesterol measures. Although genetic factors have a substantial impact, we also found that the environment shared during upbringing can have persistent effects into early adulthood. It should be noted that our results were derived from a relatively homogeneous population and, therefore, cannot be extrapolated without verification to other racial or geographic groups.
These analyses were of individual traits, however, and did not systematically examine the intercorrelation between individual phenotypes and its impact on trait-specific and trait-shared variance components. Because certain cardiovascular risk factors are known to aggregate, future analyses of these data will consider multiples of risk factors together, in order to establish if there are substantial genetic or shared environmental components that influence and, hence, help to define clusters of risk factors (32, 58) .
